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PROCESSING DIVERSITY SIGNALS USING A DELAY 

RELATED APPLICATION 

This application claims benefit under 35 U.S.C. § 119(e) of U.S. Provisional 
Application Serial No. 60/422,925, entitled "METHOD AND SYSTEM FOR 
COMBINING SIGNALS USING A DELAY UNIT," Attorney's Docket 
5 074078.01 10, filed November 1, 2002, by Yingxue Li, et al. 



TECHNICAL FIELD OF THE INVENTION 

This invention relates generally to the field of telecommunication systems and 
more specifically to processing diversity signals using a delay. 
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BACKGROUND OF THE INVENTION 

Diversity antenna systems typically employ multiple antennas that may 
generate and/or may receive diversity signals associated with a common source. 
Correctly combining diversity signals may improve the quality of reception and/or 
5 transmission. The method of combining the diversity signals may depend on the 
speed of the mobile environment. 

Known techniques for combining diversity signals may involve using a 
feedback loop to adjust the characteristics of the diversity signals before combining. 
These known techniques, however, rely on a feedback loop that may not be effective 
10 in high speed mobile environments because signal characteristics change faster than 
the feedback loop speed. Additionally, implementing a feedback loop, such as a 
closed loop system, may result in higher cost of the mobile device. Consequently, 
known techniques for processing diversity signals may be unsatisfactory in certain 
situations. 
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SUMMARY OF THE INVENTION 

In accordance with the present invention, disadvantages and problems 
eissociated with previous techniques for processing diversity signals may be reduced 
or eliminated. 

5 According to one embodiment, processing a downlink signal includes 

receiving a downlink signal at the antennas of a mobile device, where each antenna 
generates a diversity signal associated with the downlink signal, and where the 
downlink signal includes information. Diversity signals are generated and a delay of 
less than one chip duration is applied to at least one of the diversity signals. The 

10 diversity signals are then processed to obtain the information. 

According to another embodiment, processing a transmit signal includes 
receiving a transmit signal at a splitter, where the transmit signal includes 
information. The transmit signal is split into a plurality of split signals. At least one 
delay is applied to at least one of the split signals to yield a plurality of transmit 

15 diversity signals. The plurality of transmit diversity signals are transmitted by 
antennas. 

Certain embodiments of the invention may provide one or more technical 
advantages. A technical advantage of one embodiment may be that a rake receiver 
module distinguishes between two or more diversity signals in high speed mobile 

20 environments by introducing a delay of less than one chip duration, such as between 
approximately 0.5 and one chip diu-ation, at one path of the received diversity signals. 
Another technical advantage of an embodiment may be that the cost of the mobile 
device may be reduced by using only one rake receiver module for delaying at least 
one signal and combining the diversity signals. Yet another technical advantage of an 

25 embodiment may be that a base station receives uplink signals at different times by 
introducing a delay at one or more antenna paths of a transmit diversity system. 
Receiving the uplink signals at different times may allow the base station receiver to 
distinguish between the diversity signals in order to yield a better quality of reception. 
Certain embodiments of the invention may include none, some, or all of the 

30 above technical advantages. One or more other technical advantages may be readily 
apparent to one skilled in the art from the figures, descriptions, and claims included 
herein. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present invention and its features 
and advantages, reference is now made to the following description, taken in 
conjimction with the accompanying drawings, in which: 

FIGURE 1 is a block diagram of an embodiment of a communication system 
incorporating the use of a diversity antenna system that processes diversity signals 
using a delay; 

FIGURE 2 is a block diagram of an embodiment of a diversity receiver that 
may be used with the commimication system of FIGURE 1; 

FIGURE 3 is a timing diagram illustrating an example of channel path signals 
that may be used with the diversity receiver of FIGURE 2; 

FIGURE 4 is a flowchart of an embodiment of a method for processing a 
receive signal; 

FIGURE 5 is a block diagram of an embodiment of a diversity transmitter that 
may be used with the communication system of FIGURE 1; and 

FIGURE 6 is a flowchart of an embodiment of a method for processing a 
transmit signal. 
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DETAILED DESCRIPTION OF THE DRAWINGS 

Embodiments of the present invention and its advantages are best understood 
by referring to FIGURES 1 through 6 of the drawings, like numerals being used for 
like and corresponding parts of the various drawings. 
5 FIGURE 1 is a block diagram of an embodiment of a communication system 5 

incorporating the use of a diversity antenna system that processes diversity signals 
using a delay. In operation, a mobile device 20 transmits uplink signals 48 carrying 
information to a base station 30, which forwards the information to communication 
network 40. Mobile device 20 may receive a downlink signal 28 that mobile device 

10 20 processes to obtain the information encoded in downlink signal 28. 

Mobile device 20 may be equipped with a diversity receiver that processes 
downlink signal 28 and a diversity transmitter that generates uplink signals 48. A 
diversity receiver is more particularly described with reference to FIGURE 2 and a 
diversity transmitter is more particularly described with reference to FIGURE 4. 

15 Mobile device 20 may comprise, for example, a personal digital assistant, a cellular 
telephone, a mobile handset, or any other device suitable for communicating with 
communication system 5. Mobile device 20 may utilize, for example. Code Division 
Multiple Access (CDMA) technology or any other suitable mobile communication 
technology. Downlink signal 28 and uplink signals 48 may comprise any suitable 

20 signal modulated by a carrier such as data packets communicating information such as 
data, voice, video, multimedia, any other suitable type of information, or any 
combination of the preceding. 

Base station 30 provides mobile device 20 with access to communication 
system 5. Base station 30 communicates signals to and from mobile device 20 and 

25 manages the local operation of base station controllers. The wireless link between 
mobile device 20 and base station 30 is typically a radio frequency link that may be 
cellular in network organization. Base station 30 may include antenna equipment 
suitable for transmitting downlink signal 28 to mobile device 20 and receiving uplink 
signals 48 from mobile device 20. Base station 30 may also include a transceiver that 

30 decodes the information encoded in uplink signals 48 and encodes the information 
transmitted in downlink signal 28. 
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Communication network 40 may comprise a global computer network such as 
the Internet, an extranet, a corporate Virtual Private Network (VPN), a local area 
network (LAN), a metropolitan area network (MAN), a wide area networks (WAN), 
or any other suitable communication network. According to one embodiment, 
5 communication network 40 may comprise a private network that links base stations 
30 of communication system 5. 

A block diagram of an embodiment of a diversity receiver that may be used 
with the communication system of FIGURE 1 is described with reference to 
FIGURE-. A timing diagram illustrating an example of channel path signals that may 

10 be used with the diversity receiver of FIGURE 2 is described with reference to 
FIGURE 3. A flowchart of an embodiment of a method for processing a receive 
signal is described with reference to FIGURE 4. A block diagram of an embodiment 
of a diversity transmitter that may be used with the communication system of 
FIGURE 1 is described with reference to FIGURE 5. A flowchart of an embodiment 

15 of a method for processing a transmit signal is described with reference to FIGURE 6. 
"Each" as used in this document refers to each member of a set or each member of a 
subset of a set. 

FIGURE 2 is a block diagram of an embodiment of a diversity receiver 10 that 
may be used with the conmiunication system 5 of FIGURE 1 . In operation, diversity 

20 receiver 10 receives downlink signal 28 to generate receive diversity signals 39, filters 
receive diversity signals 39 to yield filtered signals 32, delays at least one filtered 
signal 32 to yield at least one receive delayed signal 34, combines receive delayed 
signal 34 and filtered signal 32b to yield a combined signal 36, converts combined 
signal 36 to yield a converted signal 42, and processes converted signal 42 at a 

25 baseband processor 22 to generate information 44. According to the illustrated 
embodiment, diversity receiver 10 includes receive antennas 38, Radio Frequency 
(RF) filters 12, a receive delay module 14, an antenna combiner 16, an analog-to- 
digital (A/D) converter 18, and a baseband processor 22 coupled as shown in 
FIGURE 2. 

30 Receive antennas 38 receive downlink signal 28 and generate receive diversity 

signals 39 fi-om downlink signal 28. According to one embodiment, each receive 
antenna 38 may be similar to or different fi-om each other. For example, antenna 38a 
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may be an internal printed antenna, while receive antenna 38b may be an external 
stubby antenna. Any other suitable type of antenna may be used as receive antennas 
38, for example, wipe antennas, patch antennas, and magnetic antennas may be used. 

According to the illustrated embodiment, each receive antenna 38 is associated 
5 with a channel path. For example, receive antenna 38a is associated with a channel 
path A, and receive antenna 38b is associated with channel path B. For each channel 
path, receive antennas 38 generate a receive diversity signal 39. For example, at 
chaimel path A, receive anteima 38a generates receive diversity signal 39a, and at 
channel path B, receive antenna 38b generates receive diversity signal 39b. Receive 

10 diversity signals 39a and 39b may have any suitable configuration. For example, 
receive antennas 38 may be spatially separated by a distance of more than 0.15 
wavelength so that diversity signals 39a and 39b are statistically uncorrelated. 

RF filters 12 filter receive diversity signals 39 to yield filtered signals 32. 
According to the illustrated embodiment, receive diversity signal 39a is filtered by RF 

15 filter 12a, and receive diversity signal 39b is filtered by RF filter 12b. According to 
one embodiment, RF filters 12 include duplexors and diplexors. In general, a 
duplexor comprises a filter that filters signals according to the fi-equency separation of 
the transmit and receive fi-equencies, which may allow a transmitter and receiver to 
use a common antenna. A diplexor may comprise a switch, a filter, or any suitable 

20 device for separating signal firequencies according to different firequency bands. 
Examples of fi-equency bands include the 800 MHz band and the 1.9 GHz band. Such 
diplexor operation may be usefiil for mobile devices 20 capable of operating in dual 
band systems. 

According to one embodiment, a duplexor at RF filters 12 may be configured 
25 to filter receive fi"equencies of receive diversity signals 39. A diplexor separates the 
receive diversity signals 39 to obtain a particular fi-equency band at which the mobile 
device 20 operates. Other filters may be used as RF filters 12 without deviating fi-om 
the scope of the invention. Any suitable number of antennas 38 may be used in 
combination with any suitable number of RF filters 12 to produce any suitable 
30 niunber of filtered signals 39 for processing by diversity receiver 10. 

Receive delay module 14 receives at least one filtered signal 32 to yield at 
least one delayed signal 34. According to the illustrated embodiment, receive delay 
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module 14 introduces a less than one chip delay at filtered signal 32a to yield delayed 
signal 34. A less than one chip delay comprises a delay of less than approximately 
one microsecond. An example of a less than one chip duration may comprise a 
duration of between approximately 0.5 and one chip. Introducing the less than one 
5 chip delay to filtered signal 32a allows for fiuther time separation of the receive 
diversity signals 39. This time separation may result in a more streamlined diversity 
receiver 10 because filtered signals 32 and delayed signal 34 may be combined 
blindly and then separated by a single rake receiver module 24 instead of by rake 
receiver modules for each channel path of diversity receiver 10. Other suitable delays 

10 may be introduced at any stage of diversity receiver 10 by receive delay module 14 
without departing fi"om the scope of the invention. For example, less than one 
microseconds may be introduced at any signal and at any stage before combining the 
signals to allow a rake receiver module 24 to distinguish the multipath signals. A 
timing diagram that illustrates examples of delayed signal 34 and filtered signal 32b 

15 as received by rake receiver module 24 is described with reference to FIGURE 3. 

FIGURE 3 is a diagram of an example timing of channel path signals that may 
be used with diversity receiver 10 of FIGURE 2. According to the illustrated 
embodiment, timing chart 50 illustrates signals Al, A2, and A3 received at channel 
path A and signals Bl, B2, and B3 received at channel path B after the delay. 

20 Assuming that signals Al and Bl have a common source, for example downlink 
signal 28, diversity receiver 10 introduces delay d to allow rake receiver module 24 to 
perceive each signal Rl and R2 at different times. Although each delay d has been 
described as being uniform, for example, delay of less than one chip, delay d may 
vary. For example, delay d may be calculated according to signal criteria such as 

25 signal strength, signal-to-noise ratio, timing relationship between Al, A2, and A3, or 
any other suitable criteria so that a delay d used for delaying signal Al in relation with 
signal Bl may be different fi-om the delay d used for delaying signal A2 in relation 
with signal B2. Additionally, although two channel paths have been used to describe 
examples of diversity receiver 10, any suitable number of channel paths may be used 

30 without departing fi-om the scope of the invention. 

Referring back to FIGURE 2, antenna combiner 16 combines delayed signal 
34 and at least one filtered signal 32b to jdeld a combined signal 36. In general. 
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antenna combiner 16 combines multiple signals to generate one combined signal 
According to the illustrated embodiment, antenna combiner 16 sums delayed signal 
34 and filtered signal 32b in order to send the combined signal 36 to a baseband 
processor 22 for processing. By combining delayed signal 34 and filtered signal 32b, 
5 diversity receiver 10 requires only one rake receiver module 24 to process combined 
signal 36 because the signals are distinguishable by the introduced delay. 

AID converter 18 converts combined signal 36 to yield a converted signal 42, 
According to the illustrated embodiment, combined signal 36 comprises an analog 
signal, and converted signal 42 comprises a digital signal. A/D conversion, however, 

10 may occur at any stage and at any channel path of diversity receiver 10 without 
departing from the scope of the invention. For example, diversity receiver 10 may 
include an A/D converter 18 at each channel path before anteima combiner 16 in order 
to convert filtered signals 32 and/or delayed signal 34 before combining. 
Accordingly, any suitable number of A/D converters 18 may be used at diversity 

15 receiver 10 without departing firom the scope of the invention. 

Baseband processor 22 processes converted signal 42 to generate information 
44. In another embodiment, baseband processor 22 may receive combined signal 36 
to generate information 44. According to the illustrated embodiment, baseband 
processor 22 includes a rake receiver module 24 and a decoder 26. In general, a rake 

20 receiver module 24 may include a rake receiver that separates and despreads 
multipath components of a signal. Each multipath component is generally referred to 
as a finger. The rake receiver may coherently combine all the fingers. According to 
one embodiment, rake receiver module 24 may include at least a despreader, a 
channel estimator, and a multipath searcher to obtain and adjust the fingers according 

25 to received signals as is well known in the art. Rake receiver module 24 may include 
a signal combiner that coherently adds the adjusted fingers in order to yield a 
combined symbol signal according to maximal ratio combining techniques as is well 
known in the art. More, fewer, or other components may be used at rake receiver 
module 24 to perform the spreading and combining of the fingers without departing 

30 fi-om the scope of the invention. Decoder 26 decodes the output of rake receiver 
module 24 to generate a decoded signal comprising information 44. According to one 
embodiment, decoder 26 comprises a Viterbi/Turbo decoder. 
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Modifications, additions, or omissions may be made to diversity receiver 10 
without departing from the scope of the invention. For example, receive delay 
module 14 may be implemented at any suitable point of the receiver chain such as at 
the analog baseband or digital baseband portions of the receiver chain. As another 
5 example, baseband processor 22 may include other suitable logic modules to process 
combined signal 36 or converted signal 42 according to a wireless protocol used by 
commxmication system 5, As yet another example, RF filters 12 may be modified to 
couple receive antennas 38 with a diversity transmitter 60 in order to share common 
antennas between diversity receiver 10 and the diversity transmitter 60. Additionally, 

10 fiinctions may be performed using any suitable logic comprising software, hardware, 
other logic, or any suitable combination of the preceding. 

FIGURE 4 is a flowchart of an embodiment of a method for processing a 
downlink signal 28. The method begins at step 100, where two or more receive 
antennas 38 receive downlink signal 28. At step 102, receive antennas 38 generate 

15 two or more receive diversity signals 39 that correspond to downlink signal 28. For 
example, each receive antenna 38 generates a receive diversity signal 39. 

A receive delay module 14 applies a delay to at least one of the receive 
diversity signals 39 to generate delayed signal 34 at step 104. According to one 
embodiment, delay module 14 applies a delay of less than one chip to filtered signal 

20 32a. In that embodiment, delayed signal 34 is delayed less than one microsecond 
fi-om split signal 32b. At step 106, antenna combiner 16 combines receive diversity 
signal 32a and delayed signal 34 to yield a combined signal 36. According to one 
embodiment, antenna combiner 16 combines delayed signal 34 with the non-delayed 
receive diversity signals 32 in the time domain in order to generate a combined signal 

25 36 that allows baseband processor 22 to perceive each signal received at each receive 
antenna 38. 

Baseband processor 22 processes combined signal 36 using the delay, at step 
108. According to one embodiment, rake receiver module 24 receives combined 
signal 36 and separates it into fingers. Rake receiver module 24 coherently combines 
30 the fingers to generate a combined symbol level signal. Decoder 26 may decode the 
combined symbol level signal to generate information 44. After processing combined 
signal 36, the method terminates. 
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Steps may be modified, added, and omitted without departing from the scope 
of the invention. For example, a step may be added where A/D converter 1 8 converts 
combined signal 36 into converted signal 42 before processing combined signal 36 at 
step 108. As another example, a step may be added where receive diversity signals 39 
5 may be filtered at RF filters 12 to yield filtered signals 32 before applying a delay at 
step 104. Additionally, fimctions may be performed using any suitable logic 
comprising software, hardware, other logic, or any suitable combination of the 
preceding. 

FIGURE 5 is a block diagram of an embodiment of a diversity transmitter 60 
10 that may be used with communication system 5 of FIGURE 1. Digital signal 45 may 
be converted into a baseband analog signal 47 by a digital-to-analog (D/A) converter. 
Baseband signal 47 may be upconverted into an RF signal 49 by an up-converter 62. 
Diversity transmitter 60 splits RF signal 44 to generate split signals 53, applies a 
delay to at least one split signal 53 to generate at least one transmit delayed signal 55, 
15 and transmits delayed signals 55 and split signal 53c using transmit antennas 58 that 
generate uplink signals 48. According to the illustrated embodiment, diversity 
transmitter 60 includes a splitter 52, at least one transmit delay module 54, and 
transmit antennas 58 coupled as shown. 

Splitter 52 splits transmit signal 46 into two or more split signals 53. 
20 According to one embodiment, split signals 53 are substantially similar to transmit 
signal 46. In the illustrated embodiment, splitter 52 splits transmit signal 46 into split 
signals 53a, 53b, and 53c. Diversity transmitter 60 may include any suitable number 
of splitters 52 for splitting transmit signal 46 into any suitable number of split signals 
53. 

25 Transmit delay module 54 introduces a delay at split signals 53. According to 

the illustrated embodiment, transmit delay module 54a introduces a delay of several 
microseconds, for example, two microseconds, at split signal 53a to jdeld transmit 
delayed signal 55a, and transmit delay module 54b introduces a greater delay of, for 
example, four microseconds, at split signal 53b to yield transmit delayed signal 55b. 

30 Each transmit delay module 54 may introduce any delay suitable for generating 
signals that may arrive at base station 30 at different times. Introducing a delay to at 
least one split signal 53 may result in temporal separation of the uplink signals 48, 
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which may allow a rake receiver at base station 30 to effectively separate uplink 
signals 48. According to the illustrated embodiment, each transmit delay module 54 
may comprise a buffer suitable for introducing a desired delay to a split signal 53. 
Transmit delay modules 54 may comprise any other device, processor, or logic unit 
5 suitable for introducing a delay. 

Transmit antennas 58 receive transmit delayed signals 55 and the split signal 
53c to generate uplink signals 48. According to the illustrated embodiment, transmit 
antennas 58 generate uplink signals 48 by radiating transmit delayed signals 55a and 
55b and split signal 53c. Diversity transmitter 60 may include any suitable number of 

10 transmit antennas 58 to transmit any suitable number of uplink signals 48 without 
departing from the scope of the invention. According to one embodiment, each 
transmit antenna 58 may be similar to or different from each other. For example, 
transmit antenna 58a may be an intemal printed antenna, while transmit antenna 58b 
may be an extemal stubby antenna. Any other suitable type of antenna may be used 

15 as transmit antennas 58, for example, wipe antennas, patch antennas, and magnetic 
antennas may be used. According to another embodiment, transmit antennas 58 may 
be similar to receive antennas 38 such as when diversity receiver 10 and diversity 
transmitter 60 share common antennas. Transmit antennas 58 may, however, be 
different from receive antennas 38. 

20 Modifications, additions, or omissions may be made to diversity transmitter 60 

without departing from the scope of the invention. For example, diversity transmitter 
60 may include more or fewer transmit diversity modules 54 without departing from 
the scope of the invention. As another example, diversity transmitter 60 may include 
other suitable modules for processing signals without departing from the scope of the 

25 invention. In one embodiment, diversity transmitter 60 may include a digital-to- 
analog converter for converting transmit signal 46, split signals 53, or delayed signals 
55 from analog to digital form. As yet another example, splitter 52 and transmit delay 
modules 54 may be implemented so that the delays may be introduced as the signal is 
split. 

30 FIGURE 6 is a flowchart of an embodiment of a method for processing a 

transmit signal 46. The method begins at step 200, where splitter 52 receives transmit 
signal 46. At step 202, splitter 52 splits transmit signal 46 to yield two or more split 
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signals 53. According to the illustrated embodiment, splitter 52 splits transmit signal 
46 into split signals 53a, 53b, and 53c. Split signals 53 may be substantially similar to 
transmit signal 46. 

Transmit delay modules 54 apply at least one delay to at least one of the split 
5 signals 53. According to one embodiment, diversity transmitter 60 includes transmit 
delay module 54a for applying a first delay at split signal 53a and transmit delay 
module 54b for applying a second delay at split signal 53b. As was described with 
reference to FIGURE 4, the first delay may comprise several microseconds, for 
example, two microseconds, and the second delay may comprise several 

10 microseconds more than the first delay, for example, four microseconds. Any other 
suitable time period may be selected as the first delay and the second delay. 
According to one embodiment, the first delay may be selected from a range between 
approximately 0.25 microseconds and eight microseconds, and the second delay may 
be selected from a range between approximately 0.5 microsecond and ten 

15 microseconds. 

At step 206, transmit antennas 58 generate two or more uplink signals 48 
using split signals 53 and the at least one delay. According to one embodiment, 
transmit antenna 58a generates uplink signal 48a corresponding to delayed transmit 
signal 55 a, transmit antenna 58b generates uplink signal 48b corresponding to 

20 transmit delayed signal 55b, and transmit antenna 58c generates uplink signal 48c 
corresponding to split signal 53c. Transmit antennas 58 may generate more or fewer 
transmit delayed signals 55 without departing from the scope of the invention. After 
generating two or more uplink signals 48, the method terminates. 

Steps may be modified, added, or omitted without departing from the scope of 

25 the invention. The splitter and delay unit may occur at any stage of transmitter chain. 
For example, the splitter and/or delay unit may be placed before the digital-to-analog 
converter. Steps may be performed in any suitable order. For example, splitting 
transmit signal 46 to yield two or more split signals 53 at step 202 may be performed 
substantially simultaneously with applying at least one delay to at least one of the split 

30 signals 53b at step 204. 

Certain embodiments of the invention may provide one or more technical 
advantages. A technical advantage of one embodiment may be that a rake receiver 
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module distinguishes between two or more diversity signals in high speed mobile 
environments by introducing less than one chip delay at one path of the received 
diversity signals. Another technical advantage of an embodiment may be that the cost 
of the mobile device may be reduced by using only one rake receiver module for 
delaying at least one signal and combining the diversity signals. Yet another technical 
advantage of an embodiment may be that a base station receives uplink signals at 
different times by introducing a delay at one or more antenna paths of a transmit 
diversity system. Receiving the uplink signals at different times may allow the base 
station receiver to distinguish between the diversity signals in order to yield a better 
quality of reception. 

Although an embodiment of the invention and its advantages are described in 
detail, a person skilled in the art could make various alterations, additions, and 
omissions without departing from the spirit and scope of the present invention as 
defined by the appended claims. 



